The chemical syntheses of genes encoding human c-Ha-ras and T4 endonuclease V are described. These genes have been used for studies of mutagenesis by damaged bases and recognition of nucleic acids by proteins. The modes of interaction of photo-damaged DNA and cognate antibodies have also been investigated by biochemical and physicochemical approaches.
INTRODUCTION
The synthesis of nucleic acids is important not only as a subject of chemistry but also as a method in biological studies. The preparation of oligonucleotides containing modified components is essential to obtain nucleic acid derivatives for investigations of gene functions. Synthetic genes have advantages in the preparation of gene products using bacterial expression systems. We have previously synthesized the gene encoding human growth hormone and expressed it in E.coli [1] . The expression system used in this study was applied to the genes for the c-Ha-Ras protein [2] and bacteriophage T4 endonuclease V [3] . The structures of these proteins have been investigated by X-ray crystallography [4] and the interaction mode between these molecules suggested new recognition mechanisms of nucleic acids by proteins [5] . We have extended the metheds of damaged DNA synthesis to study the interactions between photo-damaged DNA and antibodies [6] [7] [8] [9] [10] .
RESULTS AND DISCUSSION Mutations induced by damaged bases in c-Ha-ras genes
The c-Ha-ras genes from cancer cells often have mutations at positions 12, 13, and 61 [11] . The tertiary structures of the gene products from the normal and mutated genes have been compared [12] , and revealed that the mutant proteins had decreased GTPase activities. The mutated genes are known to convert NIH 3T3 cells to a malignant state. We have tested mutagenic potentials of damaged bases by inserting them into to the hot spots of the synthetic cHa-ras gene. 7,8-Dihydro-8-oxoguanine (8OHG), for instance, was introduced into either the first or second position of codon 12 of the gene. Transfection of this gene significantly increased the number of transformed foci. The c-Ha-ras gene present in these foci was analyzed by the polymerase chain reactionrestriction enzyme method [13] . The 8OHG and an abasic analog caused random mutations in the modified and adjacent positions, although mutations to T and A were dominant, respectively. A cyclobutanetype thymine dimer (cis-syn or trans-syn) activated the ras gene by mutations 3'-T to A for the cis-syn isomer and 5'-T to A for the trans-syn isomer [14] . These mutations are due to the unusual hydrogen bonds between the bases.
Recognition of a photo-damaged DNA by T4 endonuclease
Bacteriophage T4 endonuclease V cleaves the glycosyl bond of a cis-syn thymidine dimer in DNA and also catalyzes the chain cleavage at the abasic site [15] . The synthetic gene for this enzyme has been expressed in E. coli [3] , and the protein was complexed with a 13 mer duplex containing a thymine dimer. The crystal structure of the complex has been analyzed and revealed a unique conformation of the DNA duplex, with a sharp kink at the central thymine dimer. The adenine base complementary to the 5' side of the thymine dimer is flipped out of the DNA duplex and is trapped in a cavity of the protein [5] , These structural features suggest the catalytic mechanism and the recognition of damaged bases by DNA repair enzymes.
Interaction of photo-damaged DNA with cognate antibodies
The genes for monoclonal antibodies specific for cyclobutane pyrimidine dimers, the (6-4) DNA photoproduct and the Dewar isomer [16] , have been cloned and the amino acid sequences of the variable domains were determined. The interactions between chemically synthesized DNA fragments containing a T(6-4)T and antigen binding fragments (Fab) or single-chain antibodies (scFv) were investigated by surface plasmon resonance, X-ray crystallography, and NMR. Site directed mutagenesis of the scFv's was used to investigate the origin of the binding affinity of the antibody to the DNA lesion, and random mutations have been introduced, using data from the X-ray study, to yield active antibodies.
